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Description 

Technical Field of the Invention 

5 [0001] The present invention relates to coated hard alloy blade members or cutting tools having exceptional steel 
and cast iron cutting ability for both continuous and interrupted cutting. 

Pachgrpung' Art 

10 [0002] Until now, the use of a coated cemented carbide cutting tool made by using either chemical vapor deposition 
or physical vapor deposition to apply a coating layer of an average thickness of 0.5-20 u.m comprised of either multiple 
layers or a single layer of one or more of titanium carbide, titanium nitride, titanium carbonitride, titanium oxycarbide tita- 
nium oxycarbonitride, and aluminum oxide (hereafter indicated by TiC, TiN, TiCN, TiCO, TiCNO, and Al 2 0 3 ) onto a WC- 
based cemented carbide substrate for cutting steel or cast iron has been widely recognized. 

15 [0003] The most important technological advance that led to the wide usage of the above-mentioned coated 
cemented carbide cutting tool was, as described in Japanese Patent Application No. 52-46347 (JP-A-53-131 909) and 
Japanese Patent Application No. 51-27171 (JP-A-52-110 209), the development of an exceptionally tough substrate 
wherein the surface layer of a WC-based cemented carbide substrate included a lot of Co, a binder metal, in compari- 
son with the interior, whereby the fracture resistance of the coated cemented carbide cutting tool rapidly improved. 

20 [0004] In addition, as disclosed in Japanese Patent Application No. 52-156303 (JP-A-54-87 719) and Japanese 
Patent Application No. 54-83745 (JP-A-56-009 365), the confirmation that, by sintering the WC-based cemented car- 
bide containing nitrogen in a denitrifying atmosphere such as a vacuum, the surface layer of the WC-based cemented 
carbide substrate can be made from WC-Co which does not include a hard dispersed phase having a B-1 type crystal 
structure, whereby it is possible to cheaply produce WC-based cemented carbide having more Co in its surface layer 

25 than in the interior, was also important. 

[0005] Concerning the advancement of the coating layer, coated cemented carbides having coating layers wherein 
the X-ray diffraction peaks of the Ti compounds such as TiC, TiN, and TiCN have a strong (200) orientation and the 
Al 2 0 3 has an a-type crystal structure such as described in Japanese Patent Application No. 61-231416 (JP-A-63-089 
202) and coated cemented carbides having coating layers wherein the X-ray diffraction peaks of the Ti compounds such 

30 as TiC, TiN, and TiCN have a strong (220) orientation and the Al 2 0 3 has a K-type crystal structure such as described 
in Japanese Patent Application No. 62-29268 (JP-A-63-195 268) have little variation in the tool life. 
[0006] Furthermore, Japanese Patent Application No. 2-156663 (JP-B-7-88 582) shows that a coated cemented 
carbide having a coating layer wherein the TiC has a strong (111) orientation and the A! 2 0 3 is of the K-type has the fea- 
tures that there is less spalling of the coating layer and has a long life. 

35 [0007] However, since the Ti compounds such as TiC of Japanese Patent Application No. 61-231416, Japanese 
Patent Application No. 62-29268, and Japanese Patent Application No. 2-156663 are coated by the normal CVD 
method, the crystal structure is in a granular form identical to the coating layers of the past, and the cutting ability was 
not always satisfactory. 

[0008] Additionally, Japanese Patent Application No. 50-16171 (corresponding to GB-A-1 489 102) discloses that 
40 coating is possible with the use of organic gas for a portion of the reaction gas, at a relatively low temperature. In this 
patent, the crystal structure of the coating layer is not described, and furthermore, the crystal structure may have a 
granular form, or the crystals may grow in one direction (elongated crystals) depending on the coating conditions. More- 
over, in the references given in this patent, the coating layer is made up of only TiCN, and Al 2 Q 3 is not disclosed. Addi- 
tionally, this TiCN had a low bonding strength with the substrate. 

■ 45 

SUMMARY OF : THE INVENTION 

[0009] In recent years cutting technology has shown remarkable progress towards unmanned, high speed proc- 
esses. Therefore, tools which are highly resistant to wear and fracturing are required. Consequently, the present inven- 

50 tors conducted research to develop a coated cemented carbide cutting tool having cutting ability of a higher level. 
[0010] It was discovered that by coating the surface of a WC-based cemented carbide substrate and a TiCN-based 
cermet substrate with TiCN having crystals growing in one direction (elongated crystals) as an inner layer, and coating 
with Al 2 0 3 having a crystal structure k or k + a wherein k > a as an outer layer, remarkable steel and cast iron cutting 
ability was shown for both continuous cutting and interrupted cutting. 

55 [001 1] Thus, the coated hard alloy blade member as described in claim 1 , in accordance with the present invention 
comprises a substrate formed of a hard alloy selected from the group consisting of a WC-based cemented carbide and 
a TiCN-based cermet, and a hard coating deposited on said substrate, the hard coating including an inner layer of TiCN 
having unilaterally grown crystals of an elongated shape and an outer layer of Al 2 0 3 having a crystal form k or k + a 
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wherein k > a. 

PRIEF PESCRIPTION OF THE PRAWINO 

5 [0012] 

FIG. 1 is a photograph of a coated cemented carbide blade member in accordance with the present invention as 
taken by a scanning electron microscope. 

w PETAIIEP DESCRIPTION OF THE INVENTION 

[0013] The coated hard alloy blade member or cutting tool in accordance with the present invention will now be 
described in detail. 

[0014] As mentioned before, the coated hard alloy blade member in accordance with the present invention com- 
15 prises a substrate formed of a hard alloy selected from the group consisting of a WC-based cemented carbide and a 
TiCN-based cermet, and a hard coating deposited on said substrate, the hard coating including an inner layer of TiCN 
having unilaterally grown crystals of an elongated shape and an outer layer of Al 2 0 3 having a crystal form k or k + a 
wherein k > a. 

[0015] In order to practicalize the present invention, it is first necessary to coat the substrate with elongated crystal 
20 TiCN having high bonding strength. If the conditions are such that, for example, during the coating of the TiCN, the per- 
centages of the respective volumes are: TiCI4: 1-10%, CH 3 CN: 0.1-5%, N 2 : 0-35%, H 2 : the rest, the reaction tempera- 
ture is 800-950 °C, the pressure is 30-500 Torr, and furthermore, the CH 3 CN gas is decreased to 0.01-0.1% at the 
beginning of the coating as a first coating reaction for 1-120 minutes, then the CH 3 CN gas is increased to 0.1-1 % as a 
second coating reaction, then elongated crystal TiCN having high bonding strength can be obtained. The thickness of 
25 . the TiCN coating layer should preferably be 1-20 urn. This is because at less than 1 u.m the wear resistance worsens, 
and at more than 20 urn the fracture resistance worsens. 

[0016] Furthermore, during the coating of the TiCN, if the reaction temperature or the amount of CH 3 CN is 
increased, the (200) plane component of the X-ray diffraction pattern of the TiCN becomes weaker than the (111) and 
(220) plane components, the bonding strength with the Al 2 0 3 in the upper layer which has k as its main form increases, 

30 and the wear resistance goes up. 

[0017] Next, Al 2 0 3 of k form or k + a form wherein form k > a is coated. For coating Al 2 0 3 which has k as its prin- 
cipal form, the conditions should be such that, for example, the reaction gas is made up of the following volume percent- 
ages in the first 1-120 minutes: AICI 3 : 1 : 20%, HCI: 1-20% and/or H 2 S: 0.05-5% as needed, and H 2 : the rest, and a first 
reaction be performed, then afterwards, a second reaction is performed in which AICI 3 : 1-20%, C0 2 : 0.5-30%, HCI: 1- 

35 20% and/or H 2 S: 0.05-5% as needed, and H 2 : the rest, with the conditions of a reaction temperature of 850-1000 °C 
and pressure of 30-500 Torr. 

[0018] The thickness of this Al 2 0 3 coating layer should preferably be 0.1-10 urn. At less than 0.1 urn the wear 
resistance worsens, while at over 10 urn the fracturing resistance worsens. 

[0019] The combined thickness of the first TiCN layer and the second Al 2 0 3 layer should preferably be 2-30 urn. 
40 [0020] The K ratio of the k + a Al 2 0 3 of the present invention uses a peak from Cu-ra X-ray diffraction, and is deter- 
mined the following equation, wherein if k > a then the k ratio is over 50%. 

Ik2.79 + Ik1.43 

45 k ratio (%) = -.- - x 100 

Ik2.79 + IkI .43 + Ia2.085 + fal.601 



so wherein 

•<2.79 : The height of the X-ray diffraction peak for ASTM No. 4-0878 with a plane index spacing of d = 2.79 

I k1 43 : The height of the X-ray diffraction peak for ASTM No. 4-0878 with a plane index spacing of d = 1 .43 

•a2.085 : The height of the X-ray diffraction peak for ASTM No. 10-173 with a plane index spacing of d = 2.085 (the 

55 (113) plane) 

•ai .eov Tne height of the X-ray diffraction peak for ASTM No. 10-173 with a plane index spacing of d = 1.601 (the 
(116) plane) 
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[0021] As further modified embodiments of the present invention, the following are included. 

(1) As an outermost layer, either one or both of TiN or TiCN may be coated on the outer Al 2 0 3 layer. The reason 
for this coating layer is to discriminate between areas of use, and a thickness of 0.1-2 u,m is preferable. 
5 (2) As an innermost layer, either one or more of TiN, TiC, or TiCN (granular form) may be coated underneath the 

inner TiCN layer. By coating with this innermost layer, the bonding strength of the elongated crystal TiCN improves 
and the wear resistance improves. The most preferable thickness for this coating is 0.1-5 urn. 

(3) Between the inner TiCN layer and the outer Al 2 0 3 layer, either one or more of TiN, TiC, or TiCN (granular form) 
may be coated as a first intermediate layer. This first intermediate layer improves the wear resistance during low 

w speed cutting. However, during high speed cutting, it worsens the wear resistance. The most preferable thickness 
for this first intermediate layer is 1-7 urn 

(4) Between the inner TiCN layer and the outer Al 2 0 3 layer, either one or both of TiCO, TiCNO is coated as a sec- 
ond intermediate layer. This second intermediate layer increases the bonding strength between the elongated crys- 
tal TiCN and the k or k + a form Al 2 0 3 . The most preferable thickness of this second intermediate layer is 0.1 -2u.m. 

15 (5) It is possible to combine the above-mentioned (1)-(4) as appropriate. 

(6) The inner layer coated with elongated crystal TiCN may be divided by one or more TiN layers to define a divided 
TiCN layer. This divided TiCN layer is less susceptible to chipping, and the fracture resistance improves. 

(7) With the divided elongated TiCN described above and the k or k + a form Al 2 0 3 , it is possible to coat with an 
outermost layer of one or both of TiN or TiCN as in (1) above, coat with an innermost layer of one or more of TiN, 

20 TiC, or TiCN as in (2) above, coat with a first intermediate layer of one or more of TiC, TiN, or TiCN as in (3) above, 
coat with a second intermediate layer of one or both of TiCO or TiCNO as in (4) above, or to take a combination of 
them. 

(8) The most preferable composition of the WC-based cemented carbide substrate is, by the percentage of weight, 
as follows: 

25 



30 



Co: 4-12% 


Ti: 0-7% 


Ta: 0-7% 


Nb: 0^% 


Cr: 0-2% 




N: 0-1% 


W and C: the rest 





Unavoidable impurities such as O, Fe, Ni, and Mo are also included. 

35 (9) For the WC-based cemented carbide of the present invention, for lathe turning of steel, it is preferable that the 
cemented carbide be such that the amount of Co or Co + Cr in the surface portion (the highest value from the sur- 
face to within 100 urn) be 1 .5 to 5 times the amount in the interior (1 mm from the surface), and for lathe turning of 
cast iron, it is preferable that there is no enrichment of the Co or Co + Cr, and that the amount of Co or Co + Cr be 
small. Furthermore, in the case of steel milling, cemented carbide in which there has been no enrichment of the Co 

40 or Co + Cr, and the amount of Co or Co + Cr is large, is preferable. 

(10) The most preferable composition of the TiCN-based cermet substrate is, by the percentage of weight, as fol- 
lows: 



50 



Co: 2-14% 


Ni: 2-12% 


Ta: 2-20% 


Nb: 0.1-10% 


W: 5-30% 


Mo: 5-20% 


N: 2-8% 


Ti and C: the rest 




Cr, V, Zr, Hf: 0-5% 







Unavoidable impurities such as O and Fe are included. 

(1 1) In the TiCN-based cermet of the present invention, the substrate surface layer (the largest value within 100 urn 
55 of the surface) should be 5% or more harder than the interior (1 mm from the surface) or there should be no differ- 
ence between the hardnesses of the surface layer and the interior 

[0022] The present invention will be explained in more detail by way of the following examples. 
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EXAMPLE 1 

[0023] As the raw materials, medium grain WC powder having, an average particle size of 3 urn, 5 |im coarse grain 
WC powder, 1.5 um (Ti, W)C (by weight ratio, TiC/WC = 30/70) powder 1.2 um (Ti, W)(C, N) (TiC/TiN/WC = 24/20/56) 

5 powder, 1.5 u.m Ti(C, N) (TiC/TiN = 50/50) powder, 1.6 u.m (Ta, Nb)C (TaC/NbC=90/10) powder, 1.8 ^m TaC powder, 
1.1 um Mo 2 C powder, 1.7 um ZrC powder, 1.8 um Cr 3 C 2 powder, 2.0 jim Ni powder, 2.2 um NiAl (Al: 31% by weight) 
powder, and 1.2 um Co powder were prepared, then these raw material powders were blended in the compositions 
shown in Table 1 and wet-mixed in a ball mill for 72 hours. After drying, they were press-shaped into green compacts of 
the form of ISO CNMG 120408 (cemented carbide substrates A-D, cermet substrates F-G) and SEEN 42 AFTN 1 

10 (cemented carbide substrates E and E'), then these green compacts were sintered under the conditions described in 
Table 1 , thus resulting in the production of cemented carbide substrates A-E, E' and cermet substrates F-G. 
[0024] Experimental values taken at over 1 mm from the surface of the sintered compacts of the cemented carbide 
substrates A-E, E' and the cermet substrates F-G are as shown in Table 2. 

[0025] - Furthermore, in the case of the above cemented carbide substrate B, after maintenance in an atmosphere 
15 of CH 4 gas at 100 torr and a temperature of 1400 °C for 1 hour, a gradually cooling carburizing procedure was run, then, 
by removing the carbon and Co attached to the substrate surface using acid and barrel polishing, a Co-rich region 40 
Urn deep was formed in the substrate surface layer wherein, at a position 10 um from the surface the maximum Co con- 
tent was 15% by weight. 

[0026] Additionally, in the case of cemented carbide substrates A and D above, while sintered, a Co-rich region 20 
20 urn deep was formed wherein, at a position 15 um from the surface, the maximum Co content was 11% and 9% by 
weight, respectively, and in the remaining cemented carbide substrates C, E and E\ no Co-rich region was formed, and 
they had similar compositions over their entirety. 

[0027] In the above cermet substrates F and G,-in the sintered state, a surface layer harder than the interior existed. 
The hardnesses at the surface and 1 mm below the surface for the cermet substrates F and G are shown in Table 2. 

25 [0028] Next, after honing the surfaces of the cemented carbide substrates A-E, E' and cermet substrates F and G, 
by forming coating layers under the special coating conditions shown in Tables 3(a) and 3(b) and having the composi- 
tions, crystal structures, orientation of TiCN (shown, starting from the left, in the order of the intensity of the correspond- 
ing X-ray diffraction peak) and average thicknesses shown in Table 4 by using a chemical vapor deposition apparatus, 
the coated cemented carbide cutting tools of the present invention 1-12 and 15-26, the coated cermet cutting tools of 

30 the present invention 13, 14, 27, and 28, the coated cemented carbide cutting tools of the prior art 1-12 and 15-26, and 
the coated cermet cutting tools 13, 14, 27, and 28 of the prior art were produced. 

[0029] Then, for the coated cemented carbide cutting tools of the present invention 1-10 and 15-24, and the coated 
cemented carbide cutting tools of the prior art 1-10 and 15-24, a mild steel continuous cutting test was performed under 
the following conditions, 

35 

Workpiece: mild steel round bar 
Cutting Speed: 270 m/min 
Feed: 0.25 mm/rev 
Depth of Cut: 2 mm 
40 Cutting Time: 30 min 

in which a determination was made whether or not the cutting failed due to tears made in the workpiece because of 
chipping of the cutting blade or spalling of the coating layer. Then, for those which were able to cut for the set period of 
time, the amount of flank wear was measured. Furthermore, an interrupted cutting test was performed under the follow- 
45 ing conditions, 

Workpiece: mild steel round bar with groove 
Cutting Speed: 250 m/min 
Feed: 0.25 mm/rev 
50 Depth of Cut: 1.5 mm 
Cutting Time: 40 min 

in which a determination was made whether or not the cutting failed due to trouble such as fracturing or chipping of the 
cutting blade. Then, for those which were able to cut for the set period of time, the amount of flank wear was measured. 
55 [0030] For the coated cemented carbide cutting tools of the present invention 11, 12, 25 and 26, and the coated 
cemented carbide cutting tools of the prior art 1 1, 12, 25 and 26, a mild steel milling test was performed under the fol- 
lowing conditions, 



5 



EP 0 685 572 B1 

Workpiece: mild steel square block v 
Cutting Speed: 250 m/min 
Feed: 0.35 mmAooth 
Depth of Cut: 2.5 mm 
5 Cutting Time: 40 min 

in which a determination was made whether or not the milling failed due to trouble such as chipping of the cutting blade. 
Then, for those which were able to cut for the set period of time, the amount of flank wear was measured. 
[0031] For the coated cermet cutting tools of the present invention 13, 14, 27 and 28, and the coated cermet cutting 
w tools of the prior art 1 3, 14, 27 and 28, a mild steel continuous cutting test was performed under the following conditions, 

Workpiece: mild steel round bar 
Cutting Speed: 320 m/min 
Feed: 0.25 mm/rev 
15 Depth of Cut: 1 mm 
Cutting Time: 20 min 

in which a determination was made whether or not the cutting failed due to chipping or fracturing of the cutting blade. 
Then, for those which were able to cut for the set period of time, the amount of flank wear was measured. Furthermore, 
20 an interrupted cutting test was performed under the following conditions, 

Workpiece: mild steel round bar with groove 
Cutting Speed: 300 m/min 
Feed: 0.20 mm/rev 
25 Depth of Cut: 1 mm 
Cutting Time: 20 min 

in which a determination was made whether or not the cutting failed due to trouble such as chipping of the cutting blade. 
Then, for those which were able to cut for the set period of time, the amount of flank wear was measured. 
30 [0032] The results of the above tests are shown in Tables 4-7. As is able to be seen from Tables 4-7, all of the 
coated cemented carbide cutting tools and coated cermet cutting tools of the present invention demonstrate the prop- 
erties that it is difficult to fracture or chip the cutting blades and spailing of the coating layers is rare, in addition to exhib- 
iting superior wear and fracture resistance. 

35 EXAMPLE 2 

[0033] Using the same cemented carbide substrates A-E, E* and cermet substrates F and G as Example 1, under 
the same coating conditions as shown in Tables 3(a) and 3(b) in Example 1, by forming coating layers of the composi- 
tion, crystal structures, and average thicknesses shown in Tables 8 and 9, the coated cemented carbide cutting tools of 
40 the present invention 29-40, the coated cermet cutting tools of the present invention 41 and 42, the coated cemented 
carbide cutting tools of the prior art 29-40. and the coated cermet cutting tools 41 and 42 of the prior art were produced. 
[0034] Then, for the coated cemented carbide cutting tools of the present invention 29-38, and the coated 
cemented carbide cutting tools of the prior art 29-38, a mild steel continuous cutting test was performed under the fol- 
lowing conditions, 

45 

Workpiece: mild steel round bar 
Cutting Speed: 250 m/min 
Feed: 0.27 mm/rev 
Depth of Cut: 2 mm 
so Cutting Time: 30 min 

and an appraisal identical to that of Example 1 was made. Furthermore, an interrupted cutting test was performed 
under the following conditions, 

55 Workpiece: mild steel round bar with groove 
Cutting Speed: 230 m/min 
Feed: 0.27 mm/rev 
Depth of Cut: 1 .5 mm 
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Cutting Time: 40 min 
and an appraisal identical to that of Example 1 was made. 

[0035] For the coated cemented carbide cutting tools of the present invention 39 and 40, and the coated cemented 
5 carbide cutting tools of the prior art 39 and 40, a mild steel milling test was performed under the following conditions, 

Workpiece: mild steel square block 
Cutting Speed: 230 m/min 
Feed: 0.37 mm/tooth 
10 Depth of Cut: 2.5 mm 
Cutting Time: 40 min 

and an appraisal identical to that of Example 1 was made. 

[0036] For the coated cermet cutting tools of the present invention 41 and 42, and the coated cermet cutting tools 
15 of the prior art 41 and 42, a mild steel continuous cutting test was performed under the following conditions, 

Workpiece: mild steel round bar 
Cutting Speed: 300 m/min 
Feed: 0.27 mm/rev 
20 Depth of Cut: 1 mm 
Cutting Time: 20 min 

and an appraisal identical to that of Example 1 was made. Furthermore, an interrupted cutting test was performed 
under the following conditions, 

25 

Workpiece: mild steel round bar with groove 
Cutting Speed: 280 m/min 
Feed: 0.22 mm/rev 
Depth of Cut: 1 mm. 
30 Cutting Time: 20 min 

and an appraisal identical to that of Example 1 was made. 

[0037] The results of the above tests are shown in Tables 8, 9(a) and 9(b). As is able to be seen from Tables 8, 9(a) 
and 9(b), all of the coated cemented carbide cutting tools and coated cermet cutting tools of the present invention dem- 
35 onstrate the properties that it is difficult to fracture or chip the cutting blades and spalling of the coating layers is rare, in 
addition to exhibiting superior wear and fracture resistance. 

EXAMPLE 3 

40 [0038] Using the same cemented carbide substrates A-E, E' and cermet substrates F and G as Example 1 , under 
the same coating conditions as shown in Tables 3(a) and 3(b) in Example 1, by forming coating layers of the composi- 
tion, crystal structures, and average thickness shown in Tables 10-13, the coated cemented carbide cutting tools of the 
present invention 43-54 and 57-68, the coated cermet cutting tools of the present invention 55,56, 69 and 70, the coated 
cemented carbide cutting tools of the prior art 43-54 and 57-68, and the coated cermet cutting tools 55, 56, 69 and 70 

45 of the prior art were produced. Figure 1 shows a photograph of the surface layer of the coated cemented carbide cutting 
tool of the present invention as taken by a scanning electron microscope. 

[0039] Then, for the coated cemented carbide cutting tools of the present invention 43-52 and 57-66, and the 
coated cemented carbide cutting tools of the prior art 43-52 and 57-66, a mild steel continuous cutting test was per- 
formed under the following conditions. 

50 

Workpiece: mild steel round bar 
Cutting Speed: 280 m/min 
Feed: 0.23 mm/rev 
Depth of Cut: 2 mm 
55 Cutting Time: 30 min 

and an appraisal identical to that of Example 1 was made. Furthermore, an interrupted cutting test was performed 
under the following conditions, 
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Workpiece: mild steel round bar with groove 
Cutting Speed: 260 m/min 
Feed: 0.23 mm/rev 
Depth of Cut: 1 .5 mm 
5 Cutting Time: 40 min 

and an appraisal identical to that of Example 1 was made. 

[0040] For the coated cemented carbide cutting tools of the present invention 53, 54, 67 and 68, and the coated 
cemented carbide cutting tools of the prior art 53, 54, 67 and 68, a mild steel milling test was performed under the fbl- 
10 lowing conditions,. 

Workpiece: mild steel square block 
Cutting Speed: 260 m/min 
Feed: 0.33 mm/tooth 
15 Depth of Cut: 2.5 mm 
Cutting Time: 40 min 

and an appraisal identical to that of Example 1 was made. 

[0041] For the coated cermet cutting tools of the present invention 55, 56, 69 and 70, and the coated cermet cutting 
20 tools of the prior art 55, 56, 69 and 70, a mild steel continuous cutting test was performed under the following conditions, 

Workpiece: mild steel round bar 
Cutting Speed: 330 m/min 
Feed: 0.23 mm/rev 
25 Depth of Cut: 1 mm 
Cutting Time: 20 min 

and an appraisal identical to that of Example 1 was made. Furthermore, an interrupted cutting test was performed 
under the following conditions, 

30 

Workpiece: mild steel round bar with groove 
Cutting Speed: 310 m/min 
Feed: 0.18 mm/rev 
Depth of Cut: 1 mm 
35 Cutting Time: 20 min 

and an appraisal identical to that of Example 1 was made. 

[0042] The results of the above tests are shown in Tables 10-13. As is able to be seen from Tables 10-13, all of the 
coated cemented carbide cutting tools and coated cermet cutting tools of the present invention demonstrate the prop- 
40 erties that it is difficult to fracture or chip the cutting blades and spalling of the coating layers is rare, in addition to exhib- 
iting superior wear and fracture resistance. 

EXAMPLE 4 

45 [0043] Using the same cemented carbide substrates A-E, E' and cermet substrates F and G as Example 1, under 
the same coating conditions as shown in Tables 3(a) and 3(b) in Example 1, by forming coating layers of the composi- 
tion, crystal structures, and average thicknesses shown in Tables 14-17, the coated cemented carbide cutting tools of 
the present invention 71-82 and 85-96, the coated cermet cutting tools of the present invention 83, 84, 97 and 98, the 
coated cemented carbide cutting tools of the prior art 71-82 and 85-96, and the coated cermet cutting tools 83, 84, 97 

so and 98 of the prior art were produced. 

[0044] Then, for the coated cemented carbide cutting tools of the present invention 71-80 and 85-94, and the 
coated cemented carbide cutting tools of the prior art 71-80 and 85-94, a mild steel continuous cutting test was per- 
formed under the following conditions, 

55 Workpiece: mild steel round bar 
Cutting Speed: 260 m/min 
Feed: 0.26 mm/rev 
Depth of Cut: 2 mm 
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Cutting Time: 30 min 

and an appraisal identical to that of Example 1 was made. Furthermore, an interrupted cutting test was performed 
under the following conditions, 

5 

Workpiece: mild steel round bar with groove 
Cutting Speed: 240 m/min 
Feed: 0.26 mm/rev 
Depth of Cut: 1 .5 mm 
w Cutting Time: 40 min 

and an appraisal identical to that of Example 1 was made. 

[0045] For the coated cemented carbide cutting tools of the present invention 81, 82, 95 and 96, and the coated 
cemented carbide cutting tools of the prior art 81, 82, 95 and 96, a mild steel milling test was performed under the fol- 
15 lowing conditions, 

Workpiece: mild steel square block 
Cutting Speed: 240 m/min 
Feed: 0.36 mm/tooth 
20 Depth of Cut: 2.5 mm 
Cutting Time: 40 min 

and an appraisal identical to that of Example 1 was made. 

[0046] For the coated cermet cutting tools of the present invention 83, 84, 97 and 98, and the coated cermet cutting 
25 tools of the prior art 83, 84, 97 and 98, a mild steel continuous cutting test was performed under the following conditions, 

Workpiece: mild steel round bar 
Cutting Speed: 310 m/min 
Feed: 0.26 mm/rev 
30 Depth of Cut: 1 mm 
Cutting Time: 20 min 

and an appraisal identical to that of Example 1 was made. Furthermore, an interrupted cutting test was performed 
under the following conditions, 

35 

Workpiece: mild steel round bar with groove 
Cutting Speed: 290 m/min 
Feed: 0.21 mm/rev 
Depth of Cut: 1mm 
40 Cutting Time: 20 min 

and an appraisal identical to that of Example 1 was made. 

[0047] The results of the above tests are shown in Tables 14-17. As is able to be seen from Tables 14-17, all of the 
coated cemented carbide cutting tools and coated cermet cutting tools of the present invention demonstrate the prop- 
45 erties that it is difficult to fracture or chip the cutting blades and spalling of the coating layers is rare, in addition to exhib- 
iting superior wear and fracture resistance. 

EXAMPLE 5 

so [0048] Using the same cemented carbide substrates A-E, E* and cermet substrates F and G as Example 1 , under 
the same coating conditions as shown in Tables 3(a) and 3(b) in Example 1, by forming coating layers of the composi- 
. tion, crystal structures, and average thicknesses shown in Tables 18-21, the coated cemented carbide cutting tools of 
the present invention 99-1 12 and 122-126, the coated cermet cutting tools of the present invention 113-121 , the coated 
cemented carbide cutting tools of the prior art 99-1 1 2 and 1 22-1 26, and the coated cermet cutting tools 1 1 3-1 21 of the 

55 prior art were produced. 

[0049] Then, for the coated cemented carbide cutting tools of the present invention 99-112, and the coated 
cemented carbide cutting tools of the'prior art 99-112, a mild steel high-feed continuous cutting test was performed 
under the following conditions, 
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Workpiece: mild steel round bar 
Cutting Speed: 210 m/min 
Feed: 0.38 mm/rev 
Depth of Cut: 2 mm 
5 Cutting Time: 30 min 

and an appraisal identical to that of Example 1 was made. Furthermore, a deep cut interrupted cutting test was per- 
formed under the following conditions, 

10 Workpiece: mild steel round bar 
Cutting Speed: 210 m/min 
Feed: 0.23 mm/rev 
Depth of Cut: 4 mm 
Cutting Time: 40 min 

15 

and an appraisal identical to that of Example 1 was made. 

[0050] For the coated cemented carbide cutting tools of the present invention 122-126, and the coated cemented 
carbide cutting tools of the prior art 122-126, a mild steel milling test was performed under the following conditions, 

20 Workpiece: mild steel square block 
Cutting Speed: 260 m/min 
Feed: 0.33 mm/tooth 
Depth of Cut: 3 mm 
Cutting Time: 40 min 

25 

and an appraisal identical to that of Example 1 was made. 

[0051] For the coated cermet cutting tools of the present invention 113-121, and the coated cermet cutting tools of 
the prior art 1 13-121, a mild steel continuous cutting test was performed under the following conditions, 

30 Workpiece: mild steel round bar 
Cutting Speed: 340 m/min 
Feed: 0.22 mm/rev 
Depth of Cut: 1 mm 
Cutting Time: 20 min 

35 

and an appraisal identical to that of Example 1 was made. Furthermore, an interrupted cutting test was performed 
under the following conditions, 

Workpiece: mild steel round bar with groove 
40 Cutting Speed: 320 m/min 
Feed: 0.17 mm/rev 
Depth of Cut: 1 mm 
Cutting Time: 20 min 

45 and an appraisal identical to that of Example 1 was made. 

[0052] The results of the above tests are shown in Tables 18-21 . As is able to be seen from Tables 18-21, all of the 
coated cemented carbide cutting tools and coated cermet cutting tools of the present invention demonstrate the prop- 
erties that it is difficult to fracture or chip the cutting blades and spading of the coating layers is rare, in addition to exhib- 
iting superior wear and fracture resistance. 

50 
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TABLE 3 (a) 



[Coating Conditions) 



5 


Compos it ion 


X-ray 

Orientation 


Gas Composition i\ by volume) 


Temperature 
CO 


Pressure 
(Torr) 


10 


Innermost 
Layer 

Granular Tic 




l\\*it\z*i, tn^:3« n 2 .rte5t 




50 




Innermost 
Layer 

Granular TiN 




TiCl 4 :2. N 2 :25. H 2 :Rest 


920 


SO 


15 


Innermost 
Layer 
Granular 
TiCN 




TiCl4:2, CH 4 :4. N 2 :20. H 2 :Rest 


1020 


50 




Inner Layer 

Elongated 

TiCN 


(111] (220) (200} 


First Reaction - 

TiCl4:2. CH3CN:0.05. N 2 :20. H 2 :Rest 
Second Reaction - 

TiCl 4 :2. CH 3 CN:0.6, N 2 :20. H 2 :Rest 


860 


50 


20 


Inner Layer 
Elongated 

TiCN 


(220) (111) (200) 


First Reaction - 

TiCU:2. CH 3 CN:0.05. N 2 :20. H 2 :Rest 
Second Reaction - 

TiCl4:2. CH 3 CN:0.6. N 2 :20. H 2 :Rest 


900 


50 




Inner Layer 
Elongated 

TiCN 


(111) (200) (220) 


First Reaction - 

TiCl 4 :2. CH 3 CN:0.05, N 2 :20. H 2 :Rest 
Second Reaction - 

TiCl4:2, CH 3 CN:0.3, N 2 :20, H 2 :Rest 


860 


50 


25 


inner Layer 

Elongated 

TiCN 


(220) (200) (111) 


First Reaction - 

TiCl4:4. CH3CN:0.05. N2:20. H 2 :Rest 
Second Reaction - 

TiCl4:4. CH 3 CN:0.3. N 2 :20. H 2 :Rest 


900 


50 


30 


Inner Layer 

Granular 

TiCN 


(111) (200) (220) 


TiCl 4 :4. CH 4 :6< N 2 : 2 . H 2 :ReSt 


1050 


500 


Inner Layer 

Granular 

TiCN 


(220) (200) (111) 


TiCl4:4. CH 4 :4. N 2 :2, H 2 :ResC 


1050 


500 




Inner Layer 
Granular 

TiCN 


(200) (220) (111) 


TiCl4:4. CH 4 :2. N 2 :2. H 2 :Rest 


1000 


100 


35 


Divided 
Layer 

Granular TiN 




TiCl4:2. N 2 :25, H 2 :Rest 


900 


200 




Divided 
Layer 

Granular TiN 




TiCl 4 :2. N 2 :25. H 2 :Rest 


860 


:oo 


40 


First 

Intermediate 
Layer 

Granular Tie 




TiCl4:2. CH 4 :5. H 2 :Rest 


. 1020 


50 


45 


First 

Intermediate 
Laye r 
Crarvjlar 
TiCN 




TiCl4:2. CH 4 :4. N 2 :20. H 2 :Rest 


1020 


50 




Second 

Intermediate 
Layer 
Granular 
TiCO 




TiCl«:4. CO: 6. H 2 ;Rest 


980 


50 


50 


Second 

Intermediate 
Layer 
Cranul ar 
TiCNO 




TiCl 4 :4. CH4:2.' N2:l.5. CO2:0.5. 
H 2 :Rest 


1000 


50 
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TABLE 3 (b) 



5 





Composition 


X-ray 

Orientation 


Gas Composition (t capacity) 


Temperature 
fC) 


Pressure 
<Torr) 


10 


Outer Layer 
M 2 0 3 


100%k- 


First Reaction - AlCl 3 :3%. H 2 :Rest 
Second Reaction - 

AlCl 3 :3%. C0 2 :5%. H 2 S:0.3. H 2 :Rest 


970 


50 




Outer Layer 
M 2 0 3 


94\K 


First Reaction - A1C1 3 :3%. H 2 :Rest 
Second Reaction - 
A1C1 3 :3%. C0 2 :5%. H 2 :Rest 


970 


50 


15 


Outer Layer 
Al 2 0 3 


B5%K 


First Reaction - AlCl 3 :3%. H 2 :Rest 
Second Reaction - 

AlCl 3 :3%. C02:6%, H 2 S:0.2. H 2 :Rest 


980 


50 




Outer Layer 
Al 2 0 3 


73%K 


First Reaction - AlCl 3 :3%, H 2 :Rest 
Second Reaction - 
A1C1 3 :3%. C0 2 :6%. H 2 :Rest 


980 


50 


20 


Al 2 0 3 


62%K 


First Reaction - AlCl 3 :3%, H 2 :Rest 
Second Reaction - 

AlCl 3 :3%. C0 2 :7%, H 2 S:0.2, H 2 :Rest 


990 


50 




Outer Layer 
Al 2 0 3 


55%K 


First Reaction - 
A1C1 3 :3%, H 2 :Rest 
Second Reaction - 
AlCl 3 :3%, C0 2 :8%. H 2 :Rest 


1000 


50 


25 


Outer Layer 
Al 2 0 3 


40%K 


First Reaction - 

A1C1 3 :3%. H 2 S:0.05. H 2 :Rest 

Second Reaction - 

A1C1 3 :3%, C0 2 :9%. H 2 S:0.1, H 2 :Rest 


1010 


50 




Outer Layer 

Al 2 0 3 


looia 


AlCl 3 :3%. CO 2 :10%. H 2 :Rest 


1020 


100 


30 


Outermost 
Layer 

Granular TiN 




TiCl 4 :2. N 2 :30. H 2 :Resc 


1020 


200 




Outermost 
Layer 

Granular TiN 




TiCl4:2. CH4:4. N 2 :20. H 2 :Rest 


1020 


200 



35 



40 



45 



50 
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13. The use of a hard coated blade member according to any one of the preceding claims in cutting tools. 
55 Patentanspruche 

1. Beschichtetes Hartlegierungs-Klingenelement, umfassend: 
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™S:Z: en Le9ferUn9 ' aUS9eWah " 3US ^ WC b3Sierendem Si ^arb id und einem auf 

zweistufiges AbscheidungsverSn etna ^EXESE* ?™ erha " lich durch ein 
umfassenden CVD-Gases fur die TCM^^t^ISS^J?""? *"* Ve,wenden ein <* Acetonitril 
von 0,01 bis 0,1 Vol.% besHzt und ebwSSaihwT ' da * Acetonitri| 9 a s in einer Konzentration 

Vol.% erhoht ist, und Abschertung, worm d.e Konzentration von Acetonitril auf 0,1 bis 1,0 

eine auBere Schicht aus Al 2 0 3 . die eine Kristallform von k oder k ♦ a aufweist, worin k > a ist 
EJEK^^ 1 • «* d - Substrat aus einen, auf WC basieren- 

" KnS!^^ -/-er 2. worin das TICN in den gestrecfcten 

ist im Vengleich zur Intensitat %Z S) Ebenen ' ^ ' ntenSitat * (2 ° 0) Ebene SChwach 

4 2S2S» 

untahalb besagter inner.,, Schiahl sinscWieSl. N Mer "»'" e ™" «*«« 

5 - ES2SSSS2SrS5SSr^"t!^ *r ^ «—» worm «. 

SrrSeran ScNcM von Al 2 o 3 Se '*** aus ""'"a"" ™ °*» TicN — «"»m. aaf «r 
zw,schen dar inn,™ Sd*M aus TON „nd der Sateen AljOj.SaS e!n j!(ett aa, ° n 
». Sdbiah, «. TiCN und JS^tdSdS' 0 ^ *~ 

8 - t, ZESTS' el ™" «*-»*--» »™ 

dun* did TiN-SdhldhSr JET ™" e '* SC '" Cl ""' aus ™ » «■» «« Kw. Sd*H 

Gm% Nb. 0 . 2 Gaw % Or. 0 - , Om« „ „„ ^ £ G ~ * ° " ' <*>■* Ta. 0 - 4 

Gew.% Nb. 5 - 30 Gew % W 5 - 20 Go*, «/ u n c I « . " 12 Gew % N,> 2 " 20 Gew % Ta, 0,1-10 

der Elemente C, V, Zrode^Hf uS m^v^ST* ^ ^ 5 ^ ei " eS 

!S^. I !S5^^ 11 h T n ^ Har ' e ^ O^cbenschicHt des 

Scbicb, in einer Tiefe von 1 Z 2 Z Obe^che ^ mehf ^ 6 % l * l-r iSt 3,8 dfe Harte einer inne ^ 

13. Ve^endung eines hart-beschicbteten Klingene.e.ents nach .indestens eine. der vornergenenden AnsprOcbe in 
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paerM *, racinWe .yard laT^Mta » « ?"? "? 982 CV0 <** * ™N com- 

seaoad reaelamen. de TEN est b™Ten^ 3ua oaf™ H* * P ' a » e * »■»' » * «> "toe e. „r, 
dans laqael la coaceadrata ".ZitSZL W a*"* TICN * I'acetoniMa 

^•»P^M^ea.«*pa,^^ n ^ l ^r^= i r p &„7 2 ^ S - 
gaaaulaiaes TO, TIC ou TiCN. for™,, aoos te couoha Wa™ °" P ' U, " ure con,ws4! 

lata foam., sua Me eeuea,. S« ' * "" to9 en ™ 81 *" « ™* 

dtrc ssss^^zsz: sel< ; n |,une que,conque des revendicauons p**—. 

couche interne est divisee pT.es £22 dTliN ^ ^ ° U C ° UCheS de ™- de sorte *» «■ 
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par 5 % k la durete a I'interieur. Mmrnde profbndeur. depuis la surface. 

" £E5£EEE£ — * « — — — — — - d. ^ 
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FIG. 1 COATED CEMENTED CARBIDE CUTTING TOOL "64' 
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